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Introduction to Nature’s Witness 


ELCOME to Nature’s Witness, a forensic entomology lab in the Mystery of 
Lyle and Louise. A brutal murder case is unfolding in a small Appalachian 
town. Already the case spans two crime scenes and five people are dead. When 
investigators discovered the second crime scene — a fishing cabin exposed to the 
summer heat — they found two rapidly decaying bodies, for which pathological 


the crime occurred. 


In this lab, students will ex- 
amine six life stages from two 
species of flies. During their 
preliminary work they will 
need to develop a dichoto- 
mous key that will separate 
maggots into separate life 
stages and species. They will 
then use this key to identify 
maggots collected from the 
bodies of the two victims. Fi- 
nally, students will use known 
insect life-cycle information 
and National Weather Ser- 
vice data to estimate a time 
of death for each victim. 


<A LZ once the lab results have 

been analyzed, students may 

conduct a mock trial combining information from this investigation and any 

other laboratory modules performed to hold a suspect accountable for their ac- 
tions. 


Teacher’s notes can be found at the beginning of the manual, and copies may be 
freely made of all materials for your students. 
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Teacher’s Notes 


HESE notes are provided to assist in the prepa- 

ration and execution of the laboratory experi- 
ments. A solutions key for the pre- and post-lab 
questions can be found on pages 9 and 10, respec- 
tively. 


Supplies 
* Species A Life Stages (3 sets of 6) 
* Species B Life Stages (3 sets of 6) 


* Evidence Collections (6 vials) 


Other Supplies and Equipment Required 
* Forceps (12) 
* Dissection microscopes or hand lenses (6 - 12) 


* Computer with MS Excel (one per group, if 
available). See Notes in the next column for di- 
rections on downloading the spreadsheet. 


Running the Lab 


Each set of specimens contains six stages. The pos- 
sible stages included are: egg, 1st instars, 2nd in- 
stars, 3rd instars feeding, 3rd instars migrating, 
pre-pupae, and pupae. 


Nature’s Witness is divided into three sections. In 
the first part, students familiarize themselves with 
the morphology of each life stage of two species of 
fly. During this portion, students identify key char- 
acteristics and develop a system to separate the 
two species and six life stages. Make certain that 
students are coming up with objective identifying 
characters (distinguishing features or attributes). 
Students tend to devise relative characters, such as 
‘bigger than 1st instars’ or ‘darker than larvae’. En- 
courage the use of absolute characters so that iden- 
tifications can be made without needing to have 
other life stages available, as they may be absent in 
a case. 


In the second section of the lab, students use the 
system (or taxonomic key) they developed to iden- 
tify samples of flies collected from the bodies of two 
victims. The lab procedure instructs students to 
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add tick marks to a grid on the board. You will need 
to draw these two grids, one for each victim, on the 
board; use the grids from the data collection sheet 
(page 29) as templates. 


In the final portion of the laboratory exercise, stu- 
dents will analyze the data collected and determine 
an approximate time of death. 


Notes 


The Weather Service Data can be downloaded from 
www.LyleAndLouise.com. Visit the “Downloads” 
page, create/login to an account, and register your 
product to download the supplemental material for 
this module. 


This should be downloaded for student use ahead 
of class time. 


If you or your students have trouble with the Data 
Analysis for the Weather Service Data, there is a 
Powerpoint tutorial available on our website as 
supplemental material for this module. 


While this kit is designed to be permanent, over 
time the ethanol preservative within the sample 
vials may exhibit a color change. In the event of this 
color change, the ethanol may simply be replaced. 
To replace the ethanol the specimens within the 
vial should first be removed. The ethanol within the 
vial should then be discarded and replaced with a 
fresh 70 % ethanol/water solution. 


Teaching Timeline 


Groundwork 


Before conducting this laboratory exercise, the details of The Investigation should be shared with the 
class to provide the context of the crime. Covering this material once should be sufficient for all labora- 
tory modules. 


Day 1: 
Cover the background material on forensic entomology. 
Cover the Fly Life Stages sheet with students. 
Distribute lab procedures. 


Assign pre-lab questions as homework. 


Day 2: 


Prepare lab with dissection microscopes or hand lenses. 


Instruct students to follow the lab procedure for identifying key characters to separate individual lar- 
vae by species and life stage. Ensure that students produce good notes on their characters. 


Day 3: 
Introduce the larvae collections from the decedents. 


Prepare the board so that students may record their findings to share with the class. A chart similar to 
the one on their data collection sheet is recommended. 


Instruct students to follow the lab procedure for processing the larvae collections. 


Ensure that students record all of their data onto the data collection sheet. 


Day 4: 


The weather data can be downloaded from the website, www.LyleAndLouise.com, under Supplemental 
Materials on the Forensic Entomology page. In a computer lab, analyze the data using a spreadsheet 
program by following the instructions in the lab procedure. Alternately, this can be assigned as home- 
work for students with outside access to computers. 
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Pre-Lab Solutions 


Background 


1. What is the role of a forensic entomologist in a homicide investigation? 
The forensic entomologist can determine the time of death if the bodies 


have already cooled to the ambient temperature. 


2. Why are insects important when determining post mortem interval (PMI)? 
If the body Is exposed, the predictable growth rates of many insects can 


be used to determine the post mortem interval. 


3, What is an instar? 
An instar \s a larval growth stage characterized by the larvae shedding a 


smaller cuticle and forming a larger one. 


4, What are some factors that may delay fly oviposition? 
If the decedent |s located in an enclosed area inaccessible to flies, or if the 


decedent died during night-time or during a cold period, flies will not lay 


€ggs immediately. 


5. Flies develop at predictable rates. What measure is used to make this prediction? 
Degree-hours, degree-days, or another measure of temperature-time. 


Procedure 


6. What should you record on your Species Separation sheet? 
Characters that are between two flies of different species but the same life 


stage. 


7. How many individuals from the sample collected from the decedent will you identify? 
Ten 


8. How will you determine the species and life stage of these individuals? 
You will use the characters identified and written on the Species Separation 


sheet, as well as those on the Fly Lite stage chart. 
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Post-Lab Solutions 


Short Answer 


1. What species was/were found on the male decedent? The female? 
Both Species A and B were found on both victims. 


2. What was the latest life stage of which species found on the male decedent? The female? 
Migrating third instars of Species A are the latest stages found on both 


victims. Second instar of Species B are found on both victims. 


3. For both victims, what were the minimum number of degree hours that passed between time of death 
and discovery? 


2688 degree hours for migrating third instar life stage at 2! °C. 


4. What were the post-mortem intervals for the two victims? 


Eight days and sixteen hours. 


5. What life stage did you find the most of on the male decedent? The female? 


Second instars. 


6. What reasons can you think of to explain why there were more of this life stage than any other life 
stage? 


Student reasoning will vary. A sample explanation is given: When the victims 


died, a few flies found the bodies immediately. For a few days the number 


of thes that found the body steadily grew as the body began to decompose 


and smell. After a few days the number of suitable places to lay eggs 


decreased, so the number of eggs layed decreased. This gives a bell- 


shaped curve of both egg laying and life stages. 


7. Review the climatological data. Which three categories of information do you believe will impact the 
development of insects the most and why? 


Weather conditions include temperature, humidity, and wind. 


8. What was the weather like on the day the PMI predicts the individuals died? 


There was a storm nine days earlier when the car with the unidentified 


woman and children ran off of the road. The PMI predicts the individuals 


died around the time of this storm. 
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Forensic Entomology 


ORENSIC entomology is the application of the 

scientific study of insects to criminal and civil 
investigations. Forensic entomology experts testify 
in court in many diverse cases ranging from the 
origins of insects in food and termites in houses to 
murders and suspicious deaths. 


In 13th century China Sung Tz’u, a traveling judge 
who investigated numerous murders, authored a 
book about his cases. In one of his most sensational 
cases Tz’u used the attraction of flies to fresh blood 
to identify a murder suspect. The victim in this case 
was murdered with a scythe, so Tz’u ordered all vil- 
lagers to bring their scythes out for inspection. The 
murder weapon and suspect were revealed when 
blowflies flies swarmed on a single scythe coated 
with microscopic traces of blood. 


Entomology was also used in 1855 to solve a murder 
in Paris. In this instance the body of an infant was 
found concealed behind the mantle in a house that 
had been plastered 5 years prior, thus preventing 
further insect contact after plastering. Dr. Bergeret 
d’Arbois, a Swiss entomologist, determined that the 
fly, Sarcophaga carnaria, had laid eggs which de- 
veloped into maggots when the corpse was fresh. 
Mites, which prefer to lay their eggs on a dried 
corpse, were also identified. He estimated that this 
drying process would have taken at least a year, so 
the mites were dated from 1849 and maggots from 
1848. This led the investigators to look for the oc- 
cupant of the house from 1848, not 1849. Today, 
forensic entomologists use the same reasoning to 
estimate the time a cadaver has been exposed to in- 
sects since death. 


Forensic entomologists collect and prepare insects 
for identification, provide accurate identifications 
of insects, and make inferences on the age of larval 
stages based upon the size and stage of larvae in the 
sample collected from a crime scene. Forensic en- 
tomologists rarely work alone. Instead, they draw 
from the expertise of many disciplines, including 
police detectives, pathologists, mathematical mod- 
elers and statisticians, meteorologists, and clima- 
tologists. Some cases have even used the expertise 
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of forensic chemists to test the insects in a corpse, 
or even their discarded pupae, for the presence of 
drugs. 


Forensic entomology rarely links a particular sus- 
pect with a crime or location. Rather, it provides 
data used to estimate the time that elapsed be- 
tween the actual death and when the body was first 
discovered. This period is referred to as the post 
mortem interval, or PMI. 


Adult insects are hard-bodied, segmented animals 
with six legs, typically one or two pairs of wings, 
and three distinct body regions - the head, tho- 
rax and abdomen. In contrast, larval insects are 
softer-bodied, often legless, segmented worm-like 
creatures that utilize a variety of habitats. Insects 
are the most numerous and diverse group of ani- 
mals on earth, occurring in almost all terrestrial 
and aquatic habitats, with the exception of oceans. 
Approximately one million species of insects have 
been described and named, but most entomologists 
believe millions of new insect species have yet to be 
discovered, identified, and named. 


The insects of most forensic interest are the flies 
(dipterans) and beetles (coleopterans). Within these 
two groups the number of species are massive, with 
over 300,000 species of beetles and 86,000 of flies in 
the world. In North America, however, only 30,000 
beetle species and 16,000 fly species have been de- 
scribed. 


Many organisms use “carrions”, or carcasses, as a 
food source. Some fly species specialize in living on 
carrions. These carrion flies are the most important 
insects to the forensic entomologist. There are two 
families of carrion flies: the blowflies, in the fam- 
ily Calliphoridae, and the flesh flies, in the fam- 
ily Sarcophagidae. Adult calliphorid flies are easily 
identified by their iridescent blue, green, copper, or 
black bodies. Sarcophagid flies, on the other hand, 
are grayish, usually with three distinct longitudinal 
dark stripes on the dorsal thorax. Some species of 
beetles also live on carrion, but they are less com- 
mon, and arrive later, than carrion flies. 
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Forensic Entomology 


Carrion flies are attracted to dead bodies, often ar- 
riving within minutes of death. The flies lay eggs 
which develop into larvae in open, moist surfaces 
like eyes, mouths, and open wounds. Larvae be- 
come so numerous on the cadaver, they actually 
speed its rate of decomposition. This phenomenon 
is due to the fact that the large maggot mass has a 
high metabolic rate which can increase the temper- 
ature in the body above the ambient temperature. 
Entomologists measure the rate of carrion fly lar- 
vae growth and development; if a particular larval 
stage is present on a cadaver, and it takes three days 
for this stage to develop, then the cadaver must be 
a minimum of three days old. 


Recent PMI (0-50 hours) is estimated by a medi- 
cal examiner or forensic pathologist. Medical ex- 
aminers rely on observation and measurement of 
physical changes in the body: cooling, muscular 
flaccidity, rigor mortis, lividity, skin pallor, and the 
condition of the cornea, which gradually becomes 
opaque. These physical changes take place before 
fly larval development in the body becomes evi- 
dent. 


If a body remains exposed to the environment for 
a longer period of time before being examined by a 
pathologist, the normal physical changes observed 
after death may not provide an accurate PMI esti- 
mate. Although most natural deaths are attended 
by families or medical personnel, often, when a 
person dies alone, the body goes undiscovered for 
several days. The well-known forensic anthropolo- 
gist Dr. William Bass III reported that half of his 
cases involved maggot-covered bodies in an active 
stage of decomposition, therefore Dr. Bass founded 
a postmortem decomposition research facility at 
the University of Tennessee to improve the ability 
of forensic scientists to estimate the PMI. Forensic 
entomology is an important aspect of the research 
on decomposition and PMI at Dr. Bass’ facility, com- 
monly known as the Body Farm. Dr. Bass’s research 
has shown that carrion insects can leave behind as 
little as a skeleton in less than two weeks in favor- 
able weather. 
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Cadavers decompose in four stages: fresh, bloated, 
decay, and dry. The time the body spends in any in- 
dividual stage will vary depending on environmen- 
tal conditions; warm, wet weather speeds decay, 
while cold, dry weather slows it. Different insects 
are attracted to each of the four different stages 
of decomposition. The ordered series of insects at- 
tracted to the decomposing body is called a succes- 
sion. The succession pattern is useful in estimating 
how long a cadaver has been exposed to the insects. 
For example, carrion flies are attracted to a bloat- 
ed corpse, therefore they will only be present on a 
corpse once that stage is reached. Adult blowflies, 
however, are attracted to the fresh corpse and lay 
their eggs rapidly after death. 


Forensic entomologists have developed succession 
databases for carrion insects found in different geo- 
graphic regions. They perform experiments to de- 
termine the order in which various species of flies 
arrive at the cadaver and the times their larvae take 
to pass through the various stages through pupa- 
tion. Then, when a crime scene is investigated, the 
forensic entomologist compares the insect species 
and their distribution of larval stages to the data- 
base to estimate the time of death. A key piece of 
data which must be experimentally determined is 
the time required for the different larval stages. 


The adult female blowfly, for example, lays her fer- 
tilized eggs on the carcass in a single batch, but she 
may return to lay eggs several times during her re- 
productive life (two to three weeks). The eggs be- 
gin to hatch in 12 to 24 hours, producing small (ap- 
proximately 2 mm) first stage larvae. Because the 
outer ‘skin’, or integument, of insect larvae cannot 
expand to accommodate growth, the larvae molt 
their outer covering to keep growing and develop- 
ing. The first larval stage, or ‘instars’, become the 
larger second instars after they molt. The second 
instars feed and subsequently molt to become third 
instars. The feeding third instars are very active 
and grow rapidly to a length of 14 to 18 mm. They 
then develop into post-third stage larvae which 
stop feeding, migrate away from the cadaver, and 
burrow into the soil. They become inactive and the 
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integument hardens into a pupa. After six to eight 
days the adult fly emerges from the pupa, crawls to 
the soil surface, the wings harden, and it flies away 
to begin the process anew. Flies survive over win- 
ter in the pupal stage and emerge in the following 
spring when temperature conditions become favor- 
able. The process for fleshflies is similar, with the 
exception that eggs hatch within the body of the 
female, and she deposits live first instar larvae. 


Insect species are attracted to lay their eggs on a 
corpse at different times. The regular pattern of de- 
velopment of the larvae or maggots on the corpse 
can be used to estimate the number of days since 
the eggs were laid for each species. Each new spe- 
cies replaces an earlier species in this succession 
since the cadaver is going through a process of de- 
cay and attracts new insects able to use it as a food 
resource. A sign that this is occurring is the pres- 
ence of younger larvae of one species (often flesh 
flies) with older larvae of another species (often 
blow flies) that colonized the cadaver earlier. Ca- 
davers decompose as bacteria and the body’s own 
cellular enzymes join forces to break down tissues, 
a process assisted by insects and other scavengers. 
Taphonomy is the science which studies the natural 
process of plant and animal decay. 


In addition to succession, these larval development 
rates help forensic entomologists estimate the PMI. 
This is challenging since insects are cold-blooded 
animals and their larval growth rate increases as 
the environmental temperature increases until 
they reach a lethal point. Researchers rear insects 
at a constant temperature and calculate the time it 
takes for an insect to develop from one life stage 
to another. By comparing growth rates at a variety 
of temperatures, entomologists have calculated De- 
gree Hours required for the insect to develop from 
one stage to another. The number of hours to reach 
a stage is multiplied by the standard rearing tem- 
perature during that time period. The Degree Hours 
needed to complete an insect’s development does 
not vary. If larvae take 40 hours at 25 degrees C to 
develop to the next live stage, this is 1000 degree 
hours. If the larvae are kept at 20 degrees, they will 
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take 50 hours to reach the same stage. When inves- 
tigators can get accurate weather reports for an 
area, they calculate Accumulated Degree Hours and 
estimate the hour when larvae hatched from the 
eggs. The temperatures for the days preceding the 
discovery of the body and the growth and develop- 
ment rate of the fly species in degree hours must be 
known. By adding the incubation time for the egg, 
the entomologist can estimate the time of initial 
oviposition, which is an estimate of the time of PMI. 


Additionally, there are exceptional circumstances 
which must be considered in forensic investiga- 
tions. If a body is protected from flies by enclosure 
in a container, such as a car trunk, flies may not lay 
eggs until the body is exposed, or a stage in the suc- 
cession may be bypassed. Also, the large mass of 
maggots present on a decaying corpse has a high 
metabolic rate which often increases the tempera- 
ture in the body above the ambient temperature 
speeding decomposition. Furthermore, when two 
species colonize a cadaver at the same time, the 
pattern of development may differ from when each 
species colonizes individually. Finally, flies are gen- 
erally inactive at night and during periods of rain. 
Thus, a corpse exposed at night or during a storm 
will not attract flies for several hours until condi- 
tions become favorable for adult fly activity. 


Adult flies are very mobile and their age cannot be 
easily determined, so they are not commonly col- 
lected from a corpse. Ideally, samples of larvae are 
collected from several different areas of the carcass, 
such as nasal and oral cavities, open wounds, and 
from the hair and/or skin. A proper sample should 
contain 50 to 100 larvae. About half of the larvae 
should be processed immediately, on-site. This is 
best accomplished by dumping the larvae into a 
pan of boiling water for 15 to 20 seconds to kill bac- 
teria in the intestinal tract, then quickly straight- 
ening out the larvae to allow for measurements to 
be taken later in the laboratory. The larvae are then 
transferred into a bottle of 70% ethanol for preser- 
vation. This bottle is labeled with the date, location 
and time of collection, and the name of the collec- 
tor. Because adult flies are easier to taxonomically 
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identify than larvae, the remaining larvae are left 
alive and reared in the lab. When they develop into 
adults, a positive identification is easily made. 


In addition to the succession of insects on the de- 
caying cadaver, there is a succession of species of 
insects throughout the year, especially in a temper- 
ate climate. Some fly species are active in the early 
spring, different species are active in the fall, and 
others are continuously active. In regions with cold 
winters, bodies are often discovered when the snow 
melts in the spring, and investigators are called 
upon to determine in which season the death oc- 
curred. If an insect larvae which is more abundant 
in the fall is discovered, this can indicate the body 
was undiscovered for many months, while if larvae 
are found from spring flies, this could indicate the 
cadaver is more recent, or that it was recently ex- 
posed to the newly emerged adult flies. 


Although human remains are best for forensic re- 
search, such research is often illegal or surrounded 
with regulatory issues. Dr. Bass’s Body Farm re- 
search remains an exception to the type of research 
most forensic entomologists perform. Pig carcass- 
es are frequently used in forensic entomology re- 
search to generate data for human comparison, as- 
pigs have a similar body size and configuration to 
humans and lack most body hair. 


It is critical to determine larval carrion fly develop- 
ment rates under different temperature conditions 
and for different species of carrion. As a result, 
there is a considerable need for forensic entomolo- 
gists to engage in such growth and development 
studies, both in laboratory and field environments. 
As this research is performed and results published, 
forensic entomology is becoming an increasingly 
useful tool in crime scene investigations. 


Forensic entomologists prepare for their career by 
obtaining an advanced college degree (either an 
M.S. or Ph.D.) in entomology, ecology, biology, or 
zoology. Certification by the American Board of Fo- 
rensic Entomology requires completion of a mini- 
mum of three years of professional experience in 
forensic entomology casework, publishing at least 
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one scholarly paper, and at least one professional 
presentation in the field of forensic entomology. 
A written and practical examination must also be 
passed for certification. Most forensic entomolo- 
gists work for colleges or universities and are called 
in as consultants as needed. 


Additional Reading 


Catts, E. P. and N. H Haskell (eds.). 1990 (second 
printing 1997). Entomology and Death: A Pro- 
cedural Guide. Joyce’s Print Shop, Inc. Clem- 
son, South Carolina 


Goff, M. L. 2000. A Fly for the Prosecution: How In- 
sect Evidence Helps Solve Crimes. Harvard Uni- 
versity Press, Cambridge, Massachusetts. 


Bass, W. and J. Hefferson 2003. Death’s Acre: Inside 
the Body Farm, the legendary forensic lab. Put- 
nam Adult, New York NY. 


http://www.forensicmag.com/articles.asp?pid=112 


http://www.forensicentomologist.org/certifica- 
tion.html 
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Accumulated Degree Hours (ADH) - a given amount of thermal energy needed to develop from one stage of 
an insect life cycle to the next 


Ambient temperature - temperature of surrounding air 


Carrion - dead and putrefying flesh.; rottenness; anything vile 


Extant - in existence; still existing; not destroyed or lost 

Extrapolate - to infer (an unknown) from something that is known; conjecture 
Fauna - the animals of a given region or period, considered as a whole 
Flaccidity - soft and limp; not firm; flabby 

Integument - a natural covering, as a skin, shell, or rind 


Instar - a stage of an insect or other arthropod between molts; differences between instars may occur in 
changed body proportions or increase or decrease in the number of body segments 


Larvae - the newly hatched, earliest stages of insects and other animals that undergo metamorphosis, differ- 
ing markedly in form and appearance from the adult 


Lividity - the process by which blood settles to the lowest parts of a cadaver, causing a deep purple discol- 
oration of the skin which can resemble bruises; lividity occurs within 2-4 hours and becomes “fixed” within 
8-12 hours after death 


Oviposition - to deposit or lay eggs 
Pallor - unusual or extreme paleness 


Post Mortem Interval (PMI) - time since death 


Rigor mortis - the stiffening of the body after death, usually from 4 to 12 hours after death and lasting 1 to 
4 days 
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The Investigation 


INE days ago, during the night of a sudden 

summer thunderstorm, the Mondelo family 
car went over the side of Backbone Mountain and 
caught fire on impact. Three bodies were found in 
the wreckage; an adult woman, a teenage male, and 
a female child. All were burned beyond recognition. 
The three victims were identified as Louise Mon- 
delo and her children, Wally and Jan, by personal 
effects that survived the fire. 


Pictures of the scene were recorded but, due to 
the rainstorm, the crash was initially believed to 
be simply a tragic accident and was not treated as 
a crime scene. When Lyle Mondelo could not be 
reached and was found to be missing, he became a 
possible suspect, and the wreckage was thoroughly 
processed. The scene was substantially disturbed 
and some evidence was undoubtedly lost however, 
upon retracing the path of the vehicle, investiga- 
tors found several pieces of broken glass lying in the 
roadway. Becoming increasingly more suspicious of 
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foul-play, the broken glass fragments were pack- 
aged and retained. In addition, investigators cut 
and removed a section of charred carpet from the 
vehicle for further laboratory analysis. The bodies, 
as part of an ongoing criminal investigation, were 
kept in the county morgue. 


The small town of Highland Park was shocked, since 
nothing this terrible had ever happened in the 
area. Tips from neighbors and friends poured into 
the police department, but none of the tips were 
eyewitness accounts or provided specific informa- 
tion regarding the car accident. Lyle was the likely 
suspect but was nowhere to be found. An all-points 
bulletin was issued for everyone to be on the look- 
out for Lyle Mondelo. He was presumed armed and 
dangerous and to be driving a missing, blue, 1993 
Ford Ranger with Tumbling Water Land Develop- 
ment Co. logos. Four days ago, Lyle Mondelo’s cred- 
it card was used to purchase gasoline and food at a 
gas station in Texas. 


The Investigation 


When contacted, business associate John Wayne 
Gretzky told investigators that Lyle had been slip- 
ping into a deep depression because of trouble at 
their jointly owned business, Tumbling Water Land 
Development Company. Gretzky also hinted that 
there had been problems in the Mondelo family. 
At this time, investigators noticed that John had a 
large bite mark on his upper arm. When asked about 
the wound, Gretzky claimed to have been bit during 
a bar fight the night before and allowed the bite to 
be photographed. He was not held or charged with 
any crime. 


Background Investigation 


With no additional leads, policed launched a full 
investigation into the Mondelos. Louise Wilson and 
Lyle Mondelo had met at college while receiving 
Business Degrees in Management. They married in 
college and moved to Highland Park, Louise’s home- 
town, after graduation. The town was still ailing at 
the time, suffering from the shut down of the mines 
a little over a decade ago. Although at first Lyle 
thought their business prospects in the small town 
were poor, he soon discovered that money could be 
made developing land for the private lodges and ski 
resorts that employed most of the residents. 


After returning to Highland Park, Louise ran into 
her old high school sweet heart, John Wayne Gretz- 
ky. While talking to him, Louise learned that he was 
also a developer. Glad to see an old friend, and think- 
ing that a favorable business relationship could de- 
velop, Louise asked John to meet with her and Lyle 
over dinner. Lyle and John soon became friends, 
and rather than compete for business against each 
other, the three decided to join together and start 
Tumbling Water Land Development Company. 


A year after Tumbling Water was founded, Lou- 
ise conceived her first child, Wally. Friends of the 
Mondelos said that Lyle suspected Louise and John 
of having an affair at the time, and the two nearly 
divorced. The couple worked out their relationship 
with the help of a marriage counselor. 


Tumbling Water became prosperous and was able 
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to buy several hundred acres of land adjacent to 
Blackrock River, a prime recreational waterway. 
Soon thereafter, Louise had another child, Jan, and 
took leave from the office to work from home while 
she raised the two children. Friends say that Lou- 
ise never really went back to Tumbling Water, even 
after the children were older and in school. Their 
friends also suggested that Lyle and Louise’s rela- 
tionship was healthier with them not working to- 
gether. 


Tumbling Waters’ lawyer told investigators that she 
began preparing bankruptcy papers for the compa- 
ny about a year ago; the ski resort was dragging out 
negotiations for a property purchase, and the com- 
pany’s other business deals weren’t making enough 
profit to keep the business afloat. Soon after being 
asked to begin the bankruptcy filing, though, she 
said an unexpected deal was made to build a num- 
ber of fishing cabins on the Blackrock River land. 
That was enough to keep the business going, and 
after that, Tumbling Water began making deals at 
a steady rate. 


A potentially related case recently touched on the 
Mondelos’ lives. Three weeks ago, a crystal meth- 
amphetamine lab was discovered in an abandoned 
camper on Tumbling Water land. Louise’s nephew, 
Mitch Wilson, and John Wayne’s brother, Larry 
Gretzky, were found in the lab and indicted for pos- 
session with intent to sell the 6 kilograms of meth 
found in the lab. Two days later they were both re- 
leased on bond, posted by Lyle Mondelo and John 
Gretzky. Mitch and Larry gave no names of possible 
suppliers or dealers. 


Two weeks before the crash, Louise Mondelo filed 
for divorce. Friends say she told them that she sus- 
pected Lyle of being involved with drugs, but that 
the friends believed she was involved with John 
Wayne Gretzky again. Two days later after filing 
for divorce, Louise requested a restraining order 
against Lyle, stating that Lyle had harassed her and 
the children. Louise also told police that she was 
afraid that Lyle might try to take the children away. 


When attempting to contact Mitch Wilson and Lar 
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The Investigation 


ry Gretzky for questioning about the car ac- 
cident, police discovered that they had both 
skipped town along with Larry’s girlfriend, 
Mary Bradey. Authorities believed that their 
disappearance could be related to the ac- 
cident, and they were described as possibly 
armed and dangerous in the warrant posted 
for their arrest. 


Two days ago, an abandoned blue Ford Rang- 
er with out-of-state plates was found on a 
strip of New Mexico highway. The pickup was 
dirty and a headlight was broken, but inves- 
tigators noticed a Tumbling Water Land Develop- 
ment Co. sign on the back tailgate. Forced entry was 
apparent. Upon access to the truck, investigators 
discovered several pieces of trace evidence and sent 
it to Highland Park for analysis. 


At the Scene 


This morning the bodies of two deceased victims 
were discovered in a remote fishing cabin on prop- 
erty owned by Tumbling Water Land Development 
Company. The cabin, isolated from view of the main 
road and deeply buried in the thick woods, lies 
along the bank of the Blackrock River and is acces- 
sible only by a gravel road cutting into the forest. 
Soon after the bodies were discovered, the small 
cabin was surrounded by police tape and investiga- 
tors combing the scene in search of evidence. 


Detective Murray, the lead investigator in the case, 
explained, “A 
Girl Scout on 
a hiking trip 
found the vic- 
tims about an 
hour and a half 
ago. There are 
two bodies in- 
side, both in ad- 
vanced stages 
of decomp; PMI 
undetermined. 
The female vic 


Det. Murray 
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was identified as Louise Mondelo, the same woman 
identified in the car that ran off Backbone Moun- 
tain and caught fire during the storm last weekend. 
The bodies are in bad shape, but hopefully we’ll get 
a positive ID when DNA analysis comes back.” 


Inside the cabin the smell of advanced human de- 
cay was overwhelming. The overturned chairs and 
tables led investigators to conclude that a violent 
struggle had taken place. The smaller body, dressed 
in a blouse and jeans, was found near the phone 
in the kitchen. The larger corpse was dressed in a 
man’s polo shirt and slacks lying in the corner to 
the left of the door, and blood covered the walls and 
floor around him. Investigators collected maggots 
from the corpses to help establish a time of death 
and collected DNA samples from both victims. While 
processing the scene, flesh was discovered scraped 
across the stone of the fireplace, and blood and skin 
were found on a piece of firewood lying near the 
woman’s body. Samples of both were collected for 
analysis. The wounds upon the head of the female 
victim appeared consistent with the firewood, but a 
definitive determination was difficult to make due 
to the state of decay. Outside of the cabin, a set of 
tire tracks were found deeply rutted in the mud and 
grass. As none of the investigators had driven near 
that area, dental stone molds were cast of the tracks 
and pictures were taken to preserve evidence. 
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The Evidence 


When the double homicide victims were discov- 
ered at the fishing cabin along Blackrock River, 
they were found to be in the advanced stages of 
decomposition. 

In an attempt to determine the post-mortem 
interval and establish a time of death, maggots 
were collected from the face and wounds of both 
victims. These specimens were then placed into 
vials with 70% ethanol to preserve them for later 
identification. 


20 The Mystery of Lyle and Louise 


Persons of Interest 


The Mondelos 


Louise Ann Mondelo, the 38 year old wife of Lyle 
Mondelo and mother of Wally and Jan, is also one of 
the owners of Tumbling Water Land Development 
Company. Friends say that Louise was in an unhap- 
py marriage and had recently filed for divorce. 


Lyle Christopher Mondelo, the 40 year old husband 
of Louise Mondelo and father of Wally and Jan, is a 
part owner of Tumbling Water Land Development 
Company along with his wife. 


John Wayne Gretzky 


John Wayne Gretzky is 41 years old. He is a friend 
and business partner of the Mondelo’s in the Tum- 
bling Water Land Development Company. Accord- 
ing to rumors, John Wayne and Louise had a brief 
affair when Lyle and Louise first moved to Highland 
Park. He is known around town to be a greedy busi- 
nessman, and has been suspected of shady deals in 
the past. 
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Pre-Lab Questions 


Background 


1. What is the role of a forensic entomologist in a homicide investigation? 


2. Why are insects important when determining post mortem interval (PMI)? 


3. What is an instar? 


4, What are some factors that may delay fly oviposition? 


5. Flies develop at predictable rates. What measure is used to make this prediction? 


Procedure 


6. What should you record on your Species Separation sheet? 


7. How many individuals from the sample collected from the decedent will you identify? 


8. How will you determine the species and life stage of these individuals? 
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Fly Development Times 


The following charts show the time in hours individuals of each species spend in each life stage at a standard 
temperature, 21 °C. Notice the species development times are somewhat different. It requires 21 hours for the 


egg from Species A to reach first Instar, while it takes 25 hours for species B. 


Species A: 
; Feeding Migrating 
Temp °C Egg IstInstar | 2nd Instar Seainstae | Sra ineial Pupa 
21 21 31 26 50 ze 240 
Species B 
; Feeding Migrating 
Temp °C Egg IstInstar | 2nd Instar Sed ineiak | Grane Pupa 
21 25 37 31 60 124 286 
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Fly Life Cycle Chart 


e Eggs 
Off-white, translucent AW) 


capsules, rarely more than 
3 mm long. 


~ 2nd Instar Larva p 
Intermediate in size between 
1st and 3rd instar and ap- 


proximately 4 to 8 mm. Pos- 
terior spiracle has 2 slits. 


3rd Instar Larva é 
Much larger than 2nd instar 
larvae, between 10 and 15 


mm, and noticeably thicker. 
Undigested flesh is observ- 


Ist Instar Larva * 


Worm-like creatures between 2 
and 4 mm long. Posterior spira- 
cles (openings for breathing) are 
set apart in a darker area. One 
spiracle slit is present. 


Posterior Spiracles 
To locate posterior spiracles, orient 


the larvae so that you can see the 
broad end through the 
microscope. Increase 


magnification and 


count the slits in 
one of the two 
dark areas. 


able through the outer 
cuticle as a dark area toward 
the tapered anterior end. 


Migrating 3rd Instar Larva 


Larvae have not changed in size, but 
flesh has been digested and is no 
longer observable through the cuticle. 
At this stage, larvae migrate to find a 
suitable site to pupate. 


Pupa @ 
Hard, dark, capsule 


slightly smaller than 
3rd instar larvae. 
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Species Separation Worksheet 


Record observations on the two species of flies provided at each life stage. You will rely on these notes later 
when identifying samples collected from the victims. You may not have all of the stages presented below. 


Eggs: 


Ist Instar Larvae: 


2nd Instar Larvae: 


Feeding 3rd Instar Larvae: 


Migrating 3rd Instar Larvae: 


Pre-Pupae: 


Pupae: 


Adult: 
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Examination of Taxa 


Lab Procedure 


Analysis of Evidence 


1. 


Look over your Fly Life Cycle Chart. Keep it 
nearby as you examine the life-cycle exem- 
plars. Keep in mind not all the stages are shown 
on the chart. 


Remove the earliest life stage vial from your 
exemplar collection. Place 1 or 2 specimens un- 
der your microscope. 


Compare the sample under the microscope to 
the drawing in your Fly Life Cycle chart. Find 
the key identification features listed on the 
chart in the sample. 


Place additional specimens under the micro- 
scope so that you have 3 or 4 samples. Note the 
amount of variation between individuals at the 
same life stage. Record your observations. 


Return your samples to the vial. 


Repeat this examination for each of the life 
stages for each of the species. 


Separation of Taxa 


1, 


Place 2 specimens of the same life stage from 
each species under the microscope. 


Although species A and B have many charac- 
teristics in common, there are important char- 
acteristics that distinguish one from the other. 
Define one such characteristic. 


Record this in your Species Separation Work- 
sheet. 


Return the specimens back to their respective 
vials, being careful not to mix up the samples. 


Repeat this process with samples from each life 
stage. 


You may not have two of the same life stage 
from each species. If this is the case, skip these 
stages. 


Return all the vials to the exemplar collection. 
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1. 


10. 


11, 


Your instructor will assign you to analyze indi- 
viduals from one of the six samples. Randomly 
collect 10 specimens from your assigned sam- 
ple. 


Place a specimen under your dissection scope. 


Using your knowledge from examining differ- 
ent life stages and your Fly Life Cycle chart, de- 
termine the life stage of the individual. 


Using your notes on species separation, deter- 
mine whether the individual is of Species A or 
Species B. 


Select a specimen of the species and life stage 
from the exemplar collection to which you be- 
lieve your sample maggot belongs. Compare 
the two under the microscope to verify your 
analysis. 


Record your results. 


Repeat this process for each of the 10 individu- 
als you removed from the collection vial. 


Your instructor will have placed a grid corre- 
sponding to your victim on the board with col- 
umns for each species and rows for each of the 
life stages. Place a tick mark in the appropriate 
grid cell for each individual you analyzed. Ev- 
eryone will record their data for this victim in 
this same grid. 


When everyone has finished analyzing their 
individuals, copy the data from both grids onto 
your Data Collection Worksheet, recording the 
number of individuals of each species and life 
stage. 


Using the charts at the beginning of this exer- 
cise, determine the minimum number of de- 
gree hours needed for the oldest life stage of 
each species to develop. 


Choose the largest value for the minimum 
number of degree hours that the victim has 


been dead. 
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Lab Procedure 2: Data Analysis 


Degree-Hour Determination 


1. 
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Review the Weather Service Data provided on 
the Excel document downloaded from the web- 
site. The bodies were discovered at 1:00 PM on 
June 20 and the insects were collected at 3:00 
PM. 


Determine the number of degree hours for 
each day using the weather service data. To do 
this, multiply the average temperature by 24 
hours for each day. This can be performed in a 
spreadsheet. 


Determine the number of degree hours re- 
quired for each life stage of both species. To do 
this, multiply the number of hours by the de- 
grees Celsius given in the table. 


By adding all the degree hours for each of the 
six life stages together, you calculate the cumu- 
lative degree hours required for an adult fly to 
develop at 21 °C. Next calculate the cumulative 
degree hours required to reach each of the oth- 
er five stages. Do this for both species. 


Calculate elapsed degree hours for each of the 
days in the climatological data provided. To do 
this, multiply the number of hours by the aver- 
age temperature that day. For example on day 
20, there are 15 hours (since the insects were 
collected at 3:00 PM) times 18.4 °C for a total of 
276 degree hours. For Day 19, add the degree 
hours for that day to the degree hours from day 
20. Perform this task for each of the 20 days in 
the month of June. 


Examine the Species A life stages collected as 
evidence and identify the oldest species A life 
stage in the collection for the adult male. De- 
termine how many cumulative degree hours 
that life stage took to develop at 21 °C. Which 
day in the climatological data comes closest 
to equaling this number? This is an estimate 
of the day the adult insect laid eggs on the ca- 
daver. 


Repeat step 6 for Species B for the adult male 
collection. Is the number of degree days re- 


quired for this stage to develop longer or 
shorter than for species A? What fact about the 
biology of carrion flies could explain any dif- 
ferences you have observed? 


Based on the data from both species, estimate 
the earliest and latest time that each insect be- 
gan developing on the adult male cadaver. 


Repeat these steps for the collection from the 
adult female. Determine the earliest and latest 
time that each insect began developing on the 
female cadaver. 
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Data Collection Worksheet 


Data Analysis Aggregated Data 


For each sample, record the species and life stage in ‘fet everyone has added their information to the 


the table below, tables on the board, fill in the two tables below with 
the total counts of all individuals analyzed by the 


Species entire class. 


(A or B) Life Stage 


Adult Woman in Cabin: 


Species A Species B 


Eggs 


1st Instar 


2nd Instar 


3rd Feeding 


3rd Migrating 


Pre-Pupae 


Pupae 


Adult 


Adult Man in Cabin: 


Species A Species B 
When finished, in the grid on the board correspond- 
ing to the victim from which you analyzed evidence, Eggs 
place tick marks in the cells corresponding to the spe- 
cies and life stage of each individual you analyzed. Ist Instar 


2nd Instar 


3rd Feeding 


3rd Migrating 


Pre-Pupae 


Pupae 


Adult 
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Post-Lab Questions 


Short Answer 


1. What species was/were found on the male decedent? The female? 


2. What was the latest life stage of which species found on the male decedent? The female? 


3. For both victims, what were the minimum number of degree hours that passed between time of death 
and discovery? 


4. What were the post-mortem intervals for the two victims? 


5. What life stage did you find the most of on the male decedent? The female? 


6. What reasons can you think of to explain why there were more of this life stage than any other life 
stage? 


7. Review the climatological data. Which three categories of information do you believe will impact the 
development of insects the most and why? 


8. What was the weather like on the day the PMI predicts the individuals died? 
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Mock Trial 


Using this Kit in the Mock Trial 


Before the trial 


Nature’s Witness contains information to deter- 
mine the time of death of the two victims discov- 
ered in the cabin. The evidence collected in this lab 
cannot prove that a specific person murdered the 
two victims, however it can establish a time line for 
the events surrounding their death. If everything 
in the lab was performed correctly you should have 
obtained the following information: 


* The two victims at the cabin were murdered 
during the evening nine days ago. 


* These victims were murdered before the storm 
on the same night that the Mondelo family car 
crashed. The timing from the data suggests the 
murder occurred when the storm began, but it 
must have been before the storm because flies 
are inactive during rain storms. This places the 
cabin murder firmly before the car crash. 


Because Lyle Mondelo and the Woman in the Cabin 
were dead before the car crash occurred, several 
theories about the driver of the car can be made. 


The timing of the crimes also allows students to 
connect the crimes to one another. It seems likely 
that the car crash is related to a quick get-a-way 
that went wrong during the rainy night. 


If Nature’s Witness is the only kit done in the Mys- 
tery of Lyle and Louise, a mock trial is unlikely to 
be useful, as there is little evidence to introduce. 
Instead, leave the results as an exercise in foren- 
sic entomology. If other exercises were performed, 
a mock trial can help students take all of the evi- 
dence presented in the investigation and available 
from other kits into account and provide a more 
interesting and thorough trial. Information on run- 
ning a mock trial follows. 
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If a more thorough social studies activity is de- 
sired, students may be instructed to read through 
the procedures for trial of criminal cases and the 
simplified rules of evidence. Additionally, lessons 
designed to familiarize students with the court sys- 
tem and judicial procedure may prove beneficial. 


Brainstorming 


Using the story and module evidence, list the facts 
of the case on the board. 


Determine, as a class, who should be charged for 
each crime. 


Put students into brainstorming groups. Give all 
groups five to ten minutes to develop hypotheses 
for each of the following: 


1. Identify how each fact may support the case 
presented by the prosecution. 


2. Identify how each fact may support the case 
presented by thedefense. 


3. Identify critical weaknesses in the reliability of 
each fact. 


Review the brainstorming results as a class and 
instruct students to connect various facts and evi- 
dence to make logical assumptions about the case. 


Student Roles 


Allow students to select, or assign, various roles rel- 
ative to the characters. 


Additional students may serve as the court, filling 
the roles of judge, bailiff, and clerk. The judge must 
research court proceedings and make determina- 
tions of law, therefore the instructor may wish to 
take this role themselves. The bailiff is responsible 
for swearing in witnesses and keeping order in the 
court. The Clerk is responsible for recording the 
trial proceedings. You may wish to omit these roles 
or have these students work with the prosecution 
or defense during the planning stages. With large 
classes, students may also play the role of jury. Ju- 
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Mock Trial 


rors must attend to the trial proceedings and also 
review the evidence and written documents pre- 
pared by the defense and prosecution to come to 
a conclusion about the case. They must then either 
meet outside of class and come to a unanimous de- 
cision, or each write a short paper justifying their 
own decision. 


At least one student should act as an expect witness 
(the forensic scientist who processed analyzed the 
evidence presented); if multiple laboratory modules 
were utilized, several students should fill this role. 
This student must be very familiar with the labora- 
tory procedures used to process the evidence and 
should also be aware of the ways the evidence can 
be mishandled and the precautions taken against 
evidence contamination and faulty methods, as 
these are likely to come up in court. 


The remainder of students should split, approxi- 
mately evenly, into the prosecution and defense 
teams. The student filling the role of the accused 
should work with the defense. Each side should as- 
sign their members as either lawyers or witnesses 
called. The lawyers are responsible for building 
their case, developing the questions to ask their wit- 
nesses, and for identifying key witnesses called by 
the other side to exploit during cross examination. 
Each side should also identify critical weaknesses 
in their own case and prepare counter-arguments 
for these weaknesses. As there are always surprises 
during trial, each side should prepare strategies to 
deal with the unexpected. 


The prosecution must provide a reasonable series of 
events that are consistent with the facts of the case, 
a motive for the events that occurred, and prove be- 
yond a reasonable doubt that the accused is guilty. 
The defense may present their own accounting of 
the facts or undermine the prosecution’s case by 
showing that the prosecution’s witnesses are unre- 
liable, that the prosecution’s version of the events 
make no sense or is inconsistent, or by introducing 
reasonable doubt into the prosecution’s case. 


Unlike a real trial, witnesses may help the law- 
yers build their case; their primary duty, however, 
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should be to become intimately familiar with their 
testimony. Expert witnesses are especially useful 
when dealing with forensic evidence, and each side 
may wish to call their own or use the other side’s 
expert. The students playing the role of expert wit- 
ness must become very familiar with that field and 
be able to field questions about the accuracy and 
limitations of the techniques. 


Preparation 


To ensure that students will be ready to argue their 
case, the prosecution and defense should answer 
the following questions: 


1. What are the facts of the case? 
2. Why did these things happen? 
3. Who was involved? 


4. Does sufficient evidence exist to participate in 
the courtroom? 


5. What is key to you proving your point? 


Additionally, witnesses should answer the follow- 
ing: 


1. To what are you testifying? 


2. What are the most important parts of your tes- 
timony to the prosecution? The defense? 


3. What weaknesses are present in your testimo- 
ny? If you are an expert witness, what are the 
limitations of the evidence presented that is 
relevant to your field? 
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